Esophageal carcinoma is one of the most common types of cancer. Traditional surgery or radiotherapy alone is not sufficiently effective and the median survival period is nine months. The results of previous studies indicate that the efficacy of the treatment cannot be improved by increasing the doses of radiotherapy and cisplatin with 5-fluorouracil. In this study, we performed radiotherapy in combination with weekly nedaplatin plus docetaxel chemotherapy to determine the curative and toxicity effects of these treatments. The mean survival period of patients with pathological complete remission (pCR) was 47.8 months (range, 35.3-60.6), which was longer than that of the partial pathological remission (pPR) patients (mean, 17.8 months; range, 8.7-53.3). Furthermore, the relative risk of pCR mortality was lower compared with that of the non-pathological complete remission (no-pCR) patients, which were 0.088 [95% confidence interval (CI), 0.029-0.265] and 0.08 (95% CI, 0.028-0.225), respectively. These results suggest that the pCR patients, compared with the pPR patients (or no-pCR patients), had a significant survival advantage. The findings have shown that the chemotherapy regimen used in this study is able to significantly increase the effect of radiotherapy and reduce the toxicity effects of chemotherapy. Dose intensity-modulated radiotherapy (IMRT) reduces the irradiation volume, thus the target area is smaller than in the conventional methods.
Introduction
Esophageal carcinoma is a common cancer in China. Traditional surgery or radiotherapy alone is not sufficiently effective and the median survival period is 9 months. In 1992, Herskovic et al (1) reported a phase III clinical trial using radiotherapy (50 Gy/25 fx) and concurrent chemotherapy (cisplatin combined with 5-fluorouracil) to treat patients who had been diagnosed with local esophageal carcinomas and who had not yet undergone surgery. It was shown that the survival of patients in the radiotherapy plus chemotherapy group was markedly longer compared with that of patients in the radiotherapy group (1) . al-Sarraf et al (2) and Cooper et al (3) further confirmed the advantages of the radiotherapy plus chemotherapy in prolonging survival by showing that the 3-to 10-year survival ratios of the radiotherapy plus chemotherapy group were 20-30%. However, the 3-year survival ratio of the radiotherapy alone group was 0. To further improve the efficacy of radiotherapy plus chemotherapy, a phase II clinical trial was performed (4) using radiotherapy plus chemotherapy with increased radiotherapy and chemotherapy doses and increased chemotherapy cycles. Although certain patients did not complete the treatments due to severe toxic effects, the results showed that no significant efficacy improvements were found. In another phase III trial (5), using the radiotherapy plus chemotherapy regimen as the control, it was found that even when the radiotherapy dose was increased to 64.8 Gy, the local curing efficacy, median survival period and 2-year survival rate were similar to those of the control group. Certain radiotherapy plus chemotherapy regimens have been reported to be used to treat esophageal carcinomas (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) . However, these trials show that efficacy cannot be improved by increasing the doses of radiotherapy and cisplatin with 5-fluorouracil.
In this study, we performed radiotherapy in combination with weekly nedaplatin plus docetaxel chemotherapy. The results of this study showed that our chemotherapy regimen
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is able to significantly increase the effect of radiotherapy and reduce the toxicity effects of chemotherapy. Chemotherapy with platinum has better curative effects, lower toxicity and largely increases the effect of radiotherapy. The dose intensitymodulated radiotherapy (IMRT) reduces the irradiation volume, so the target area is smaller than in the conventional method.
Materials and methods
Patients. A total of 86 patients with esophageal carcinomas were enrolled in this study and their clinical characteristics are shown in Table I . Patient consent was obtained, and the study was approved by the Medical Ethics Committee of the Third Hospital of Wenzhou Medical College (Ruian, China).
Therapeutic schedule of the experimental group. IMRT was performed. During radiotherapy, nedaplatin plus docetaxel chemotherapy was conducted once weekly using the CMS radiotherapy treatment planning system (CMS Xio 4.40). The radiation energy was 6 mV and the radiation dose was intensity-modulated. The prescription dose was 95% of the planning target volume (PTV1) DT 60 Gy/5 times/week (2 Gy/ time). The uniformity of the clinical target volume (CTV) dose was between 95 and 105%. PTV was in the 93 to 107% dose range. The chemotherapy regimens were as follows: nedaplatin (25 mg/m 2 ) and docetaxel (20 mg/m 2 ) were administered by intravenous drip at 1, 8, 15, 22, 29 and 36 days following radiotherapy.
Therapeutic schedule of the control group. Conventional radiotherapy was performed. During radiotherapy, 5-fluorouracil plus cisplatin chemotherapy was conducted. Radiotherapy regimens were conducted with 2 Gy administered every day for 5 consecutive days in one week. The regional radiotherapy dose was 30 Gy/5 times/week and the intensive radiotherapy in the shrinking field was 20 Gy/5 times/week. The total dose was 50 Gy/25 times/5 weeks. The dose gradient changes in the treatment tissue were <10% and the maximum permissible dose of the spinal cord (in accordance with 2 cm below the beam upper bound) was 42.5 Gy. The dose in the normal lung tissues 2 cm outside the gross tumor volume (GTV) did not exceed 25 Gy. The chemotherapy regimens were as follows: 5-fluorouracil (1,000 mg/m 2 /day) was continuously intravenously injected with Baxter pump on the first 4 days of the 1st, 5th, 8th and 11th weeks; cisplatin (75 mg/m 2 ) was delivered at 1 mg/min on the first day of each course.
Therapeutic effects. The short-term effect evaluation was performed according to the RECIST solid tumor efficacy evaluation standards, including a comparison of the enhanced CT and the barium swallow X-ray radiography prior to and following the treatments. Patients with complete remission (CR) and partial remission (PR) were required to receive esophageal biopsy. Both imaging and pathology complete remission were classified as pathological complete remission (pCR). Partial pathological remission (pPR) indicated that imaging showed CR or PR, but the pathological examination revealed residual tumors. The effective cases that had not received histopathologic reexamination and the cases with pathological pPR were classified as non-pathological complete remission (no-pCR). The long-term effect was evaluated through the 1-and 2-year survival rates and survival times.
Toxicity evaluation. The toxicity of the anticancer drugs was evaluated according to the WHO acute toxicity criteria. Radiotherapy toxicity was evaluated according to the RTOG acute radiation injury grade standard.
Statistical analysis. Statistical analysis was performed using the χ 2 test for characteristics prior to treatments in the two groups. The log-rank test was used to compare the survival curves of the two groups. The relative risk estimation of mortality was conducted using 95% confidence intervals (95% CIs). Survival analysis software (SPSS 13.0, SPSS, Inc., Chicago, IL, USA) was used.
Results
General data. The 86 patients who enrolled in the present study were divided into two groups, the experimental and control groups (Table I ). The clinical data of these patients are listed in Table I and the clinical characteristics of the patients in the experimental and control groups were comparable.
Toxicity reaction. In the two groups, no treatment-related mortalities occurred. Grade III and IV toxicities, including radiation gastritis, weakness and radioactive esophagitis, were found in both groups. The ratio of the detected grade IV toxic reactions was 4.5% (2/44) in the experimental group and 21.4% (9/42) in the control group (χ 2 =5.49; P<0.05). The ratios of the detected grade III and grade IV toxicity reaction were 22.7% (10/44) and 42.9% (18/42) in the two groups, respectively (χ 2 =3.97; P<0.05). The ratios of life-threatening toxicities (hemorrhage, perforation, mucosal necrosis and fistula) were 4.5 (2/44) and 23.5% (8/42) in the two groups, respectively (χ 2 =4.40; P<0.05). The above data show that the incidence and severity of the toxicities which occurred in the experimental group were significantly lower than those in the control group.
Efficacy evaluation. One month following chemotherapy, the 86 patients were evaluated for short-term efficacy. The survival rates and the overall survival periods are shown in Table II and the cumulative survival curves are shown in Fig. 1 . The complete remission rate (47.7 vs. 16.7%; P<0.005), the 1-year survival rate (75 vs. 52.4%; P<0.05) and the 2-year survival rate (56.8 vs. 33.3%; P<0.05) in the experimental group were higher than those in the control group. However, a comparison of the overall survival and the median survival times in the two groups indicated that the relative mortality risk was 0.683 in the experimental group (95% CI, 0.381-1.067). The survival rates in the two groups were not significantly different. The total efficacy (84.1 and 64.3%, respectively) in the two groups was not significantly different (P>0.05).
Of the 86 cases, there were 69 effective cases (CR+PR), 73.9% (51/69) of which accepted the esophageal endoscopic biopsy pathology review. Moreover, the curative effects of 25.6% (22/86) of the patients were pCR and at least 33.7% (29/86) were pPR. The survival period of the patients who did not reach clinical CR or PR was less than 24 months (range, 4.1-23.1). The efficacy comparison of the pCR and pPR or no-pCR patients (including the 18 patients who had not accepted the pathology review) in the two groups are shown in Table III and the cumulative survival curves are shown in Fig. 2 . The mean survival period of the pCR patients was 47.8 months (range, 35.3-60.6), which was markedly longer than that of the pPR patients (mean, 17.8 months; range, 8.7-53.3 months). Furthermore, the relative risk of pCR mortality was lower than that of the no-pCR patients, which were 0.088 (95% CI, 0.029-0.265) and 0.08 (95% CI, 0.028-0.225), respectively. The above results suggest that the pCR patients, when compared with the pPR patients (or no-pCR patients), had a significant survival advantage.
Discussion
Nedaplatin is a new platinum derivative. It has a similar efficacy to cisplatin while its toxicity to the renal and gastrointestinal tissues are low. The results of a phase II clinical trial have shown that the nedaplatin treatment of esophageal carcinoma has an efficiency of 42.9% and a low toxicity (18) . Docetaxel is another drug used to treat esophageal cancers. Osaka et al (19) treated 28 cases of recurrent esophageal carcinoma with nedaplatin (40 mg/m 2 ) and docetaxel (30 mg/ m 2 ) at intervals of 2 weeks and found that 60.7% of the cases completed the treatment. The results indicate that the CR rate was 3.6%, PR rate was 35.7%, the median survival time was 8.5 months and the 1-year survival rate was 15.9%. Additionally, the most common toxicities were leukopenia and anemia. Non-hematological toxicities were low grade with no treatment-related mortalities. Matsumoto et al (17) used nedaplatin (30 mg/m 2 ) and docetaxel (30 mg/m 2 ) to treat 11 patients with relapsed or refractory esophageal carcinomas. There were no treatment-related mortalities or grade IV toxicities. Bone marrow toxicity appeared in three cases, however hematological toxicity was not observed. Previous studies (20) have shown that the efficacy of concurrent chemoradiotherapy methods is not sufficient. Radiotherapy controls the local diseases, while chemotherapy affects the lesion outside the radiation field. Chemotherapy plays a role in radiotherapy-resistant cell populations such as hypoxia cells and enhances the radiotherapy sensitivity. Radiotherapy and chemotherapy can mutually reinforce function at the molecular level to improve survival outcome. Chemotherapy inhibits tumor proliferation following radiotherapy. No studies concerning the treatment of early esophageal carcinoma with a weekly dose of nedaplatin and docetaxel synchronous IMRT were found. Our results show that, compared with the control group, the complete remission rate and the 1-and 2-year survival rates were higher in the experimental group (P<0.05). Moreover, the treatment compliance in the experimental group was better (P<0.05) and severe and life-threatening toxicities were significantly reduced (P<0.05). However, the total efficiency and the median survival time in the two groups were not statistically different. As shown in the cumulative survival curve results in Fig. 1 , the survival curves of the two groups are different and the survival rates of the experimental group were better than those of the control group. However, no statistically significant difference was found between the two groups, which may result from the small sample size. The 1-and 2-year survival rates and the median survival time were markedly increased in patients with complete pathology remission (P<0.05). Therefore, pCR is a key factor for obtaining better curative effects. Our findings suggest that patients who are newly diagnosed with esophageal squamous cell carcinomas that are confined in the chest may be treated with IMRT and a concurrent weekly dose of nedaplatin plus docetaxel combination chemotherapy. Furthermore, the method used in this study has improved the curative effects and lower toxicity compared with other regimens. pCR, pathological complete remission; pPR, partial pathological remission; no-pCR, non-pathological complete remission; a comparison between pCR and pPR; b comparison between pCR and no-pCR. 
